cDNA clones specific for the two genomic RNAs of strain O of the comovirus red clover mottle virus (RCMV) were constructed. Using these clones, in conjunction with clones specific for RNAs of RCMV strain S, local lesion isolates containing reciprocal pseudo-recombinants between strains S and O were identified. Investigation of the biological properties of these pseudo-recombinants showed that the ability of RCMV to infect Chenopodium quinoa is determined by B RNA. The results also suggest that both RNAs are involved in symptom formation in Pisum sativum.
B RNA. The results also suggest that both RNAs are involved in symptom formation in Pisum sativum. Analysis of the strain O clones enabled the sequences at the 3' ends of both genomic RNAs of strain O to be determined. Comparison of these sequences with the corresponding region of the strain S RNAs suggests that the 3' terminal sequences critical for replicase recognition may lie somewhat upstream of the poly(A) tract.
Red clover mottle virus (RCMV) is a member of the comovirus group of plant viruses. The genomes of the comoviruses consist of two molecules of ssRNA encapsidated separately in isometric particles known as middle (M) and bottom (B) component. A considerable amount of information regarding the genome organization, translation strategy and replication mechanism of the type member of the comovirus group, cowpea mosaic virus (CPMV), has been accumulated (see reviews by Goldbach & van Kammen, 1985; van Kammen & Eggen, 1986) . The complete nucleotide sequence of both RNAs of RCMV strain S (Shanks et al., 1986; Shanks & Lomonossoff, 1990 ; M. Shanks & G. P. Lomonossoff, unpublished results) has been determined, revealing that the genome organization of RCMV is very similar to that of CPMV.
Three strains of RCMV have been described (Oxelfelt, 1976) . One of these, the S strain, systemically infects Chenopodium quinoa Willd. causing yellow mosaic symptoms, and induces mild mosaic symptoms in pea plants. Another strain, O, causes top necrosis in pea plants and no symptoms in C. quinoa; there is no evidence that it can infect this host. Infectivity enhancement has been observed in heterologous mixtures of purified B and M particles from strains O and S (Oxelfelt & Abdelmoeti, 1978) , indicating the formation of pseudo-recombinants. However, investigation of the properties of the potential pseudo-recombinants was hampered by the fact that it was not possible to identify which of the single lesion isolates obtained during this work actually contained them. To investigate pseudo-recombinant formation in RCMV further, we prepared cDNA clones specific for the two RNAs of strain O. These clones were used, in conjunction with clones specific for the RNAs of strain S, to identify and characterize single lesion isolates containing reciprocal pseudo-recombinants between strains S and O.
RCMV strain O was propagated and purified, and the viral RNA was extracted as described previously (Oxelfelt, 1976) . M RNA was purified by agarose gel electrophoresis and used as a template for oligo(dT)-primed synthesis according to the method of Gubler & Hoffman (1983) using a cDNA synthesis kit (Amersham). Following ligation to EcoRI-compatible adaptors (Promega), the cDNA was ligated into the EcoRI site of pUC19 and transformed into Escherichia coli strain JM83. Six clones, C19, C21, C27, DI, D28 and H25, were subsequently isolated and shown to contain inserts of 2000, 2000, 1800, 2200, 1100 and 1200 bp, respectively.
Plasmid DNA from each of the six clones was purified as described by Birnboim & Doly (1979) , labelled by nick translation and used to probe Northern blots of RNA preparations from strains O and S. The results showed that, despite the fact that gel-purified M RNA was used as a template, only three of the clones, subsequently termed pRCOM-C27, pRCOM-D1 and pRCOM-H25, were M RNA-specific. The other three clones, subsequently designated pRCOB-C19, pRCOB-C21 and pRCOB-D28, were found to hybridize to B RNA. None of the clones hybridized to a significant extent with either R N A from R C M V strain S under the stringent washing conditions (0-2 x SSC at 65 °C) used throughout this work ( Fig. 1 and 2) and thus can be used as strain O-specific probes. Similarly, probes prepared from clones specific to B (M13-Sma/Pst-2; Shanks & Lomonossoff, 1990 ) and M (M 13-T26; Shanks et al., 1986 ) R N A of strain S were found not to cross-hybridize with equivalent R N A s from strain O under the conditions used ( Fig. 1 and 2 ) and thus can be used as strain S-specific probes. The availability of strain-specific probes makes it possible to determine unambiguously the R N A content of potential pseudo-recombinants between strains S and O. Therefore lyophilized inocula derived from single lesion isolates of such potential pseudo-recombinants isolated previously (Oxelfelt & Abdelmoeti, 1978) were used to inoculate pea (Pisum sativum L. cv. English sabre) and C. quinoa Willd. plants. Plants showing symptoms were harvested after 12 to 20 days, the tissue was homogenized and virus particles were precipitated with polyethylene glycol. R N A extracted from the virions was electrophoresed in a 1% agarose gel and subjected to Northern blot analysis using the four specific probes. The R N A s from strains S and O were used as controls for the specificities of the probes. The fact that pseudo-recombinant OS5, like strain O, does not appear to be able to infect C. quinoa whereas the reciprocal pseudo-recombinant SO16 causes symptoms similar to those seen for strain S implies that the ability of Fig. 3 . Alignment of the T-terminal sequences of the RNAs of strains S and O. A number of gaps have been introduced into the sequences to maximize the identity. Shading indicates that a nucleotide is identical to that found in the sequence of the strain S B RNA. The arrow indicates the limit of the region of close similarity between the four RNAs; the bracket indicates the highly conserved 16 nucleotide long sequence found in all four RNAs. The sequences of the 3' ends of the strain S RNAs are from Shanks et al. (1986) .
RCMV to infect C. quinoa is governed by B RNA. Support for the involvement of B RNA in determining the host range of comoviruses is provided by Evans (1985) who isolated a nitrous acid-induced mutant of CPMV that was unable to infect cowpea plants, and showed that the mutation was located on the B RNA. There are two possible explanations for the apparent inability of strains or pseudo-recombinants containing B RNA from strain O to infect C. quinoa: either B RNA from strain O is incapable of replicating in C. quinoa cells, or virus containing B RNA from strain O, although capable of replicating in the inoculated cell (i.e. causing a subliminal infection), cannot spread from this cell. We regard the second possibility as unlikely as one would expect the ability to spread to be inherited through M rather than B RNA because M RNA encodes the putative RCMV cell-to-cell movement protein (Shanks et al., 1989) . We are carrying out experiments in C. quinoa protoplasts to distinguish between the two possibilities. Neither OS5 or SO16 induces symptoms in pea plants typical of either of the parental strains, suggesting that both RNA components influence symptoms in this host. This conclusion is consistent with the results of de Jager (1976) and de Jager & Breekland (1979) , who have shown that mutations induced by treatment with nitrous acid in both CPMV B and M RNA influence symptoms. The screening of RNA preparations of single lesion isolates is being continued in order to identify additional reciprocal pseudo-recombinants to study their symptom induction in pea plants. Both OS5 and SO16 replicate efficiently in pea plants, SO16 also in C. quinoa, and the yield of viral RNA/g fresh weight equals that of the parental strains.
The fact that RCMV strains S and O can form viable reciprocal pseudo-recombinants implies that the replicase encoded by each B RNA can recognize and replicate either M RNA. In the case of CPMV, conserved sequences near the 3' ends of the RNAs have been implicated as signals for replicase recognition (Eggen et al., 1989) . To investigate those features of the genomic RNAs of strains S and O which might allow pseudo-recombinant formation, DNA from clones pRCOM-C27, pRCOM-DI, pRCOB-CI9 and pRCOB-B RNA strain S B RNA strain O M RNA strain S M RNA strain O D28 was digested with EcoRI, and the RCMV-specific inserts were purified and ligated into EcoRI-digested M13mpl8. Sequence analysis of the resulting subclones was carried out using the dideoxynucleotide chain termination method. This revealed that pRCOM-C27, pRCOM-D1 and pRCOB-D28 all contain a poly(A) tract adjacent to the EcoRI adaptor at one end of the RCMVspecific insert and thus contain the 3' terminus of the appropriate RNA. The insert from pRCOB-C19 lacked a poly(A) tract at either end, but comparison of its sequence with that from pRCOB-D28 showed that it contained the sequence to within seven nucleotides of the 3' end of B RNA. Sequence data from these four clones were used to deduce the nucleotide sequences of the 3" ends of both RNAs of RCMV strain O. No differences were found in the sequences derived from the two clones of either M or B RNA.
Examination of the sequences upstream of the poly(A) tracts shows that B RNA from strain O is very similar to that of strain S in this region, 65 of the T-terminal 68 residues (96~) being identical (Fig. 3) . A high degree of similarity (78~) also exists between this region of the M and the B RNAs of strain S (Shanks et al., 1986) . Overall, B RNA of strain S, B RNA of strain O and M RNA of strain S have 75 ~o sequence identity in their 3'-terminal 68 nucleotides (Fig. 3) . By contrast, M RNA from strain O has only 49 and 51 ~ identity with the B RNAs from strains S and O, respectively, and 44~ identity with M RNA from strain S. The portion of the 3"-terminal region most highly conserved between the four RCMV RNAs lies between nucleotides -22 and -37 (B RNA strain S numbering) and it is tempting to speculate that this region forms the replicase recognition site. This conserved region can be folded into a hairpin structure which is equivalent to 'hairpin B' found at the 3' end of both CPMV RNAs (J. Rohll, personal communication), a structure which has been suggested to be involved in replication (Eggen et al., 1989) . It is noticeable that the octanucleotide sequence UGUUUAUU immediately preceding the poly(A) of both strain S RNAs and B RNA of strain O is not conserved in strain O M RNA, making it unlikely that this sequence is critical for replicase recognition.
In this paper we have been able to demonstrate unambiguously that two strains of RCMV can form viable pseudo-recombinants. During the identification of the genuine pseudo-recombinants OS5 and SO16, several of the single lesion isolates originally thought to contain pseudo-recombinants (Oxelfelt & Abdelmoeti, 1978) were shown to contain either re-isolated parental strains or a mixture of more than two RNAs (data not shown). This study shows that the conclusions regarding the inheritance of symptoms drawn previously using such isolates were incorrect. This highlights the value of using strain-specific probes in the identification and characterization of pseudo-recombinants.
